Key words: end-stage renal disease; dialysis; infection; shunt nephritis; ventriculoatrial shunts. Background. Shunt nephritis is an immune-complexmediated glomerulonephritis (GN ) associated with chronically infected ventriculoatrial shunts inserted for treatment of hydrocephalus.
Introduction
Methods. Six patients aged 5-22 years with shunt nephritis are reported who have been observed between Shunt nephritis commonly occurs in patients with 1971 and 1994. The clinical course and long-term infected ventriculoatrial ( VA) shunts inserted for pallioutcome are analysed in relation to the time of diaation of hydrocephalus of congenital or acquired gnosis and renal histopathology.
origin. It was first described by Black et al. in 1965 Results. The time of diagnosis of shunt nephritis ranged [1] . To our knowledge about 148 patients with this from 0.3 to 4.5 years after the last shunt operation.
condition have been reported . Although a Diagnosis was delayed up to 1.5 years after the first review of the literature suggests that the frequency of clinical manifestations. All patients had signs of infecthe condition has been declining over the last decade, tion, i.e. recurrent fever, hepatosplenomegaly, anaemia, some recent reports demonstrate its continuing clinical and cerebral symptoms. Renal manifestations consisted importance. The series of patients presented here illusof haematuria (macroscopic in 3 patients), proteinuria trates the wide clinical spectrum of this disorder. This ( heavy in 5), renal insuÃciency (4 ) and hypertension report emphasizes the possible progression of shunt ( 2). Decreased C3 levels, cryoglobulins, and antinucnephritis to end-stage renal disease (ESRD) and lear factors were frequent. Cultures of blood and evaluates strategies to prevent this development. cerebrospinal fluid provided growth mainly of S. epidermidis. Renal biopsy revealed endocapillary GN ( 1), membranoproliferative GN (1) and endocapillary/ Subjects and methods extracapillary GN with crescents ( 2). All patients received antibiotics i.v. Complete recovery was Between September 1971 and February 1994, six patients ( 5 observed in three of four patients in whom the shunt children, 1 adult) were admitted to the Departments of was totally removed, supported by transient external Paediatrics and Internal Medicine of the University of drainage of cerebrospinal fluid, and followed by place-Heidelberg with a clinical picture consistent with shuntassociated glomerulonephritis (GN). Table 1 summarizes the ment of a ventriculoperitoneal shunt. One child with past history, laboratory findings, bacteriological studies, delayed diagnosis, presenting with a serum creatinine treatment and outcome of these patients. All patients had of 3.2 mg/dl, hypertension, and severe scarring on implants of VA shunts due to congenital or acquired hydrorenal biopsy, rapidly progressed to irreversible ESRD cephalus. The clinical course of case no. 5 is described in within 5 months. Two patients without and only partial detail because of its unusually rapid progression to irreversremoval of the shunt died subsequently from sepsis.
ible ESRD.
Conclusions. The renal outcome of shunt nephritis is good if early diagnosis and treatment is provided
Results including i.v. antibiotics and total removal of the infected shunt. The possible progression to ESRD requires frequent nephrological monitoring of patients In our six patients the time of diagnosis of shunt with ventriculoatrial shunts nephritis was 0.3-4.5 (median 2.1) years after the latest shunt operation. The time from onset of clinical symptoms suggestive of shunt nephrits until diagnosis ranged from 2 to 16 (median 5) months ( Table 1 ). All i.e. vomiting, nausea, behavioural changes, or seizures. ESRD despite replacement of the infected shunt (see Case report). The two children with only partial (no. In addition, patient no. 6 showed skin purpura. GN was suggested by haematuria (3 macroscopic, 3 micro-1) or no (no. 3 ) removal of the VA shunt had continuous infection, and died; in no. 1 supplied with bilateral scopic) and proteinuria which was heavy in five patients. No patient was nephrotic. Hypertension was VA shunts only one valve of the shunt could be removed, the other being left in place; in no. 3 the noted in two patients and serum creatinine levels (SCR) were elevated in four. Sedimentation rate was parents refused surgical treatment because the child was severely handicapped, i.e. blind, mentally retarded, increased in all patients. Decreased C3, cryoglobulins, and antinuclear factors were found if tested. Cultures and suÂering from convulsions.
It is noteworthy that three patients (nos. 1, 2, 5 ) of blood or CSF were positive in five and three patients respectively. Renal biopsy revealed endocapillary GN were initially treated with oral antibiotics for a presumed diagnosis of urinary tract infection. In the only and membranoproliferative GN each in one case and endocapillary/extracapillary GN with crescents in two. adult patient (no. 6 ) the skin lesions first suggested the erroneous diagnosis of Schö nlein-Henoch purpura; Immunofluorescence studies in two patients showed granular deposits of IgM, IgG, and complement com-treatment by methylprednisolone pulses failed to improve renal function. ponents (see Table 1 ).
All patients were treated with intravenous antibiotics. In four patients (nos 2, 4, 5, 6) where the VA Case report (patient no. 5) shunt was totally removed, no infection recurred; three of these appeared to have recovered completely after 2, 8 and 23 years. In nos 2 and 4 a new VP and in no. This girl, born on January 1984, presented at birth with a lumbosacral myelomeningocele, hydrocephalus, 5 a new VA shunt was reinserted after transient external CSF drainage for 1-7 weeks. In patient no. 6 no and neurogenic bladder. During the neonatal period her myelomeningocele was repaired and a VA shunt replacement was required. Patient no. 5 developed was placed. Subsequently recurrent urinary tract infections combined with fever occurred. Since a voiding cystourethrogram performed at the age of 3 months showed high-grade vesicoureteral reflux on the right side, reimplantation of the corresponding ureter was performed and daily intermittent catheterization of the bladder was started. During the further course several shunt revisions were performed, the latest in July 1989 being due to traumatic shunt disconnection. From April 1993 the girl had recurrent episodes of fever, often associated with assumed urinary tract infections. The fever responded well to antibiotics. In August 1993 she was admitted to the children's hospital of Karlsruhe because of fever up to 40°C, nausea, vomiting, muscle weakness, shortness of breath, and ( 1600/ml ), leukocytes (40/ml ), and proteinuria ( 2.9 g/day); urine culture remained sterile. SCR was 6.0 mg/dl and inulin clearance was 8 ml/min/1.73 m2. 3.2 mg/dl, potassium 7.4 mmol/l, phosphate Renal biopsy revealed endocapillary and extracapillary 3.4 mmol/l, total protein 7.1 g/l, C-reactive protein proliferative GN, with fibrocelluler or fibrous crescents 4.5 mg/dl (upper normal limit 1 mg/dl ), haemoglobin in three of 10 glomeruli ( Figure 1) ; the other seven 5.0 g/dl, blood bicarbonate 16 mmol/l. Two blood glomeruli were totally or almost totally sclerosed, and cultures remained sterile. Serum complement levels C3 widespread tubular and interstitial fibrosis was present. and C4 were decreased to 48 (normal range After creation of a arteriovenous fistula, intermittent 55-120) mg/dl and 4 (normal range 20-50) mg/dl haemodialysis treatment was started on 28 March respectively; antinuclear antibody titres were elevated 1994. At present the patient is well, blood pressure is to 1/50 (normal limit 1/25 ) and cryoglobulins were easily controlled by enalapril, 1.25 mg/day. Urine detectable. Renal ultrasound revealed enlarged hypereoutput ranges between 200 and 400 ml/day. The patient chogenic kidneys. On the evening of admission the girl is thought to be candidate for cadaver kidney presented a grand mal convulsion. A cranial CT scan transplantation. showed no signs of intracranial haemorrhage or increased pressure.
Treatment consisted of intravenous antibiotics (vanDiscussion comycin, rifampicin and flucloxacillin), sodium bicarbonate and blood transfusions. Blood pressure was controlled with nifedipine, captopril and frusemide. Our series of young patients with shunt nephritis reveals a wide spectrum of outcomes, although the The VA shunt was not removed because the parents refused it. The further course was complicated by initial clinical presentation was similar. All patients showed signs of infected VA shunts as described above continuing fever, malaise, anorexia, hypertension up to 190/140 mmHg, and increased SCR up to 6.8 mg/dl. in detail. The high frequency of cerebral manifestations in our patients is well documented in the literature In September 1993 the girl was transferred to the University Children's Hospital of Freiburg for removal [6, 10, 28, 29] ; it may be attributed to increased intracranial pressure, hypertension, or other mechanisms. of the shunt. Culture of the catheter tip showed Staph. epidermidis. Antibiotic treatment was continued with Haematuria, proteinuria, hypertension, and high SCR levels were often misinterpreted. Urinary tract infection vancomycin i.v. During the next 3 days fever decreased, the clinical condition stabilized, SCR decreased, and was a frequent erroneous diagnosis, supported by the presence of a neurogenic bladder. Skin lesions were serum levels of complement and C-reactive protein became normal. After 2 weeks of external CSF drain-taken as signs of Schönlein-Henoch purpura.
Therefore the diagnosis was often delayed. age a new VA shunt was implanted; after a further 2 weeks this shunt was revised because of malfunction
In the following we present a short review of the literature on shunt nephritis, which contains the data with papillary oedema. Hypertension was controlled by clonidine, nifedipine, captopril, frusemide, and pra-of 72 cases published in an earlier review by Arze et al.
[6 ] and of another 76 patients reported subsequently zosin. After discharge from the hospital in October 1993, SCR increased steadily from 2.7 mg/dl to [2-5,7-34 ] ( Table 2 ). The median intervals from the last shunt operation and from first clinical manifesta-3.7 mg/dl in January 1994. No clinical or biochemical signs of recurrent shunt infection were noted.
tion to the diagnosis of shunt nephritis were similar in both observation periods and ranged widely. In February 1994 the girl was transferred to University Children's Hospital of Heidelberg. In the Compared to the earlier review by Arze et al. we noted a higher incidence of hypertension, anaemia, renal presence of a fair clinical condition SCR had risen to failure, haematuria, proteinuria, and nephrotic infections. Other responsible micro-organisms were S. aureus, E. coli, Corynebacterium bovis, Corynesyndrome in the series reported more recently. The predominant finding on renal biopsy was MPGN. bacterium xerosis, Pseudomonas aerugenosa, Pseudomonas cepacia, diphteroids, Listeria monocytogenes, Immunofluorescence revealed granular immunoglobulin and complement deposits in all biopsy specimens Bacillus subtilis, Bacillus cereus, Serratia, Propionibacterium acnes, Peptococcus, Mycobacterium gorexamined, with a predominance of IgM (84%), IgG ( 66%) and C3 complement (94%). Electron-donae, Micrococcus, Moraxella nonliquefaciens, Moraxella bovis, Acinetobacter iowoÃ, alpha-haemolytic microscopy was reported in only 32 cases, usually presenting an increase of mesangial matrix and cells. streptococcus spp. and the fungus Fusarium [3, 6, 17, 20, 30, 33, 35] . Negative blood or CSF cultures The true glomerular basement membrane was not thickened, but electron-dense deposits were observed do not exclude shunt nephritis, especially after previous antibiotic therapy. Decreased serum levels of complein the subendothelial and mesangial areas [6, 15, 24] . In many patients cryoglobulins and antinuclear antibodies ment, detection of cryoglobulins or autoantibodies are helpful to support the diagnosis of shunt nephritis. were detected. The serological and immunflourescence findings point to an activation of the classical compleIf the infection occurs within several months after the initial shunt insertion it must be assumed that it is ment pathway in this type of immune-complex nephritis. If the outcome of the patients reported by Arze due to direct contamination of the VA shunt during operation. For infections occurring later other forms et al.
[6 ] is compared to that of patients published subsequently, a higher incidence of persistent renal of contaminations have to be considered, e.g. by minor injuries to the skin or by surgery which may induce S. failure is noted, whilst mortality has decreased.
The initial event in shunt infection is colonization epidermidis assisted by the high aÃnity for hydrophobic materials used for VA catheters [36 ] . Most of the surface of the atrial part of a VA shunt, most commonly by a coagulase-negative staphylococcal coagulase-negative staphylococci produce an exopolysaccharide protective biofilm (slime) that surrounds the strain. All our patients had a positive blood and/or CSF culture. According to the literature cultures were organism enhancing its resistance against antibiotics [36 ] . Bacterial growth may then induce intermittent positive in a growing proportion of patients ( Table 2) . S. epidermidis accounts for about 75% of all shunt bacteraemia, antigen release and production of immunoglobulin and circulating immune complexes glove-changing before handling the shunt, and alternative biomaterials for VA shunts [36, 44] . The value of which are attracted by the kidney. Bacterial antigens have infact been demonstrated in the glomeruli of these strategies to prevent shunt nephritis needs to be demonstrated. We believe that the general use of VP patients with shunt nephritis [37, 38] , but despite the high frequency of shunt infections after insertion of shunts is the most important option to reduce the incidence of this disease. However, in four cases shunt VA shunts of about 12% [39] , only 0.7-2.3% of the patients actually develop shunt nephritis [14, 40, 41] . nephritis has also been reported after insertion of a VP shunt [37, [45] [46] [47] . Therefore any patient with a This suggests that a favourable immunological environment must be present for the development of shunt shunt who develops fever or other signs of infection should be suspected of having shunt nephritis, and nephritis.
Usually the prognosis of renal function is good in diagnostic procedures should be undertaken immediately to allow a definite diagnosis and immediate shunt nephritis provided that the VA shunt is removed within a few weeks after the first signs of infection. treatment. Resumption of renal function has been reported even
